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T. THTRCDUCTIO!N

‘he worxk under Grant o, AFOSK 77-3467 during the period
1 Septenber 1977 tc 30 Septcmber/iggfﬁhas heen devoted to experi-
mental studles of middle-latitude peémngnctic pulcations in the
period range 0.2 to 50 minutes. The principal effcrt has been on
the resinant perlcds of the pulsations which arise from hydromag-
netic resonances in tne marnetosphere. The resonant periods
appear &5 peaks in the period distributlons and frequency spectra
of the pulsations. k Co

Mary papers, both experimental and theoretical, have been

published on this subjJect over the past thirty years by a number

of different investigators. Holmberp (1951) first suggested
hvdrcmagnetic resonance as a souarce of the pulsations to account
fc~ the peaks at about 20 and 70 seconds in the period distribu-
tions of pulsatlons recorded at Eskdalemulr, Scotland. In the
pre-satelllte era, the resonances were attrlibuted to the icno-
sphere. Resonance along magnetlic fleld llines has sincé peconme
the favired hypothesis to explaln the quasl-sinusoldal waveforms
often otz2rved., The theory was first applied to the lonosphere

(Kato ard atanabe, 1955) and then to the magnetosphere (dtaves:d

and Jaccss, 1958). The polarization of pulsations observed
sinultarcously at geomagnetic conjugate points provided the fir:ce
conclusive evidence for a magnetospheric source of the pulsations
(Supiura, 1951). Many later observations have confirmed the

existence of standing waves in the magnetosphere, and magneto-

spherlc resonance nas become firmly establicshed as a major source
of the pulsatlons, The nature oI the resonant mechanism, however,

has beer much less certain. AIR FORCE OFFICE OP SCIENTIFIC RESEARM (AWSOY
NOTICE OF TRANSMITTAL TO DTIC
Thistechnicelreporthasbeenreviavedund15

1 8pproved for public relesse 1AW AFR 190-12,
Distribution is unlimitea,

MATTHEW J. KERPER
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A baemonde serles of resonant pertods 1o predicted by the

field-line~resonance hypothesis which 1is the only physical mechan-
lsm that hos been pronosed up to the present time. The observa-
tionél cata that have accumulated over the years have been incon-
clusive; there has been some supportive evidence and some contra-
dictory evidence. Of the studles that have been unfavorable,

none has covered a wilde encugh period range to present a recog-
nizable nattern of resonant periods as an alternative to the
harmonic series. Under these conditions, the fleld-line-resonance
hypothesis has become [irmly entrenched, and 1ts acceptance has
teceme self-reinforcing. FPubllshed data that have not supported
the hyvcthesis have been lgnored or forgotten, and more recent
observatlonal data have been exanined only in the light of the
hypothecis, Sore data thot have not supported the hypothesis

have been dlscarded withcut publication and without any serlous
attempt to determine whether they might furnish any definitely
contradictory evlidence.

The resonant periods of the pulsations analyzed under this
grant have consistently formed geometric progressions 1in the
pericd range 0.2 to 6 minutes. Two nighttime data samples record-
ed during large magnetic disturbances and two daytime samples
recorded during low to moderate disturbance levels have been anal-
yzed. The results are sufficlently comprehenslive to be in clear-
cut dlsugreement with a harmonic serles of resonant periods. lo
theoretical explanation for the geometric prorressions has yet

been devised. It is clear, however, that the fleld-llne-resonance

hypothesls cannot, at present, be considered to be establlished as




the explanation for the mapnetosnhperic reconances observed at

middle latitudes,

— "

. The present work utllizes "polarization traces® which provide

continuous displays of thz nolarizatlion of the pulsatlons in
! P

selected period bands., Thi:z annlysis technique was concelved

3

ta

scme tire ago. The early studies established that hydrcmagnetic
(H*) waves were frequently observed throuchout the 0.2 to 50
minute period range and that waves cf several different periods
were often observed siniultaneously durlng toth magnetically quiet

and disturbed intervals,(Manle and Frey, 1967; Frey, 1962). That

effort wias terminated before the potentlalities of the technique
had been explolted, and the early results were not widely dissem-
inated. Som2 of the original data have been resurrected for the
initizl work under this grznt, and the analysis technique has bheen

extended.

II. THE DATA OF 18 APRIL 1965

Thz 12-hour data sample (0020 to 1200 LE37) was recorded az
Strawberry Hill, Mass., geomagnetlc latitude +54°.  Three compon-
ents of the pulsations (north-south, east-west, and vertical) were
recorded on 7-track, f-m tape. The induction coll sensors used
prcvided a linear responce in 2B/dt throughout the period range
of interest. The interval 0000 to 0600 EST during the large rmag-
netic storm of 18 April 1965 (maximum Kp = 8-) was one of the

"aurorai-oval intervals" (A-C intervals) 1dentifled by Maple et al.

. e, e




(1375 whon the Strawberry iilll station was inside the southern
boundary ¢t the expanded wuroral oval., The large-amplitude A=D
regime of pulcations obscerved during the A-0O intervals was dictin-
fulisned from the "mid-latitude" (M-L) regirme of pulsations usually
observed at the statlion. The conditions during the interval fron
0CC0 tc 1200 ST were not typical of the M-L regime, howcver,

since the statlon would have remalned outside the plasmapause

during the slow refilling and exnansion of the plzcmasphere arter

II. A. SELECTION OF FILTER PASIDANDS
The Tirst evicdence of the natural band structure of the pul-
satiosns camre from observations of bandpass-filtered waveforms.

The ori;inal broad-bpandwldth analog tape recordings consisted of

covered a very wlide range. The superpositlions were quite prenin-
ent in tne PB/Jdt recordingss because the differentiation emphasized
the shorter perlods and thus partlally compensated for the lncrease
in pulscation amplitudes with increasing period. The initial in-
tent was to study the polarization of the pulsations, and filter
passbands about one octave wide were to be used to effect a par-
tial sevaration of the individuzl wavetralns for this purpose. It
vas s2on found that there were some preferred cettings of the

center pericd of the passband for which very few cases of super-

position of concurrent vavetralns were observed in the filtered




waveform:. When the center neriod of the passhband was shifted
away frow one of the preferred settlngs by about a fquarter of an
octave (townard lonrer periods, fcr example), additional (longer
period) wavetrains would aprear superposed on the wavetrains that
had previousiy been present. £As the center period was shifted
furtior in successive steps, the new (longer perlod) wavetrains
would becore predominant, and a new preferred cetting would be
reazhed Cor which the new wavetrains would be observed with very

o

few cases of superrosition cf the previous (sheorter period) set
of wavetrains,

The filter passbands to be used for the polarization analy-
sis were trherefore matcned to the natural band structure indicated
by the preferred center periods. The nine selected passbands
cover the pericd range 0.2 to 50 minutes. They are numbered Al
through A9 in Figures la and 1lt, and thelr nominal cut-off periods
are shown by the C's at the bottcm of the plots. (The other fea-
tures of these plots willl be discussed later.) The minimum widths
of the passbands were constrained by the requirement that adjacent
passbands should share a comrmon rominal cut-off period. Good
coverage of the entire perlod range was thus ensured. At the
nominal cut-off perliods (l.e., the periods read from the dlals of
the Kron-illte variable-bandpass filters), the filter response
curves had dropped only 20% below thelr peak values. At thelr
half-poxer points, the passbands were anprcciably wider, and adja-
cent passbands overlapped. The nine passbands cover a period rang

of more th:n seven octaves, and the narrowest bandwidth 1s more




than half an octave in width., The superposition of wavetralns

was not completely eliminated 1n these comparatively wide pass-

bands, but it was greatly reduced by the selection process. The
number of superpositlons of cencurrent wavetrains of different

periods was ruch smaller in Bands A7 and A6, for example, than in
an intermediate (non-selected) passband ol comparable wldth whose

cut-off pericds would correspond to the center periocds of Bands

A7 and £6. A similar statement would apply to each palr of adja-
cent bands, although the cbservations were less clear-cut for
Bands AL, A2, and A3 for which comparatively few pulsatlon cycles
were aviilable for observation. Any sipnificaont shifts of the
center reriods of the seleccted passtands produced increases in
the nurier cf supernositions of wavetrains whlch were observed.
Period Jdistributions peaking near the centers of the passbands
were implicit Iin the observations, therefore, even befcre the
distributions were actually derived from the later analysis. b
The selected filter passtands formed a fairly repgular sequence

with the ratio of adlacent centcr periods being a little less than

two. Spot checiks of the ratios of the periods of the pairs of
superposed wavetralns which were commonly observed in intermediate
(non-se.ectcd) passbands showed that the most conmmon value of this
ratic was also a llttle less than two. The only possible expla-
nation for these results was a repgular band structure 1in the
pulsati~sns such as would be produced by a serics of low-( magneto-

spheric resonances, When excited by a broad-bandwidth energy

source, the output of each resorance would consist of a serles of

wavetrzins in a band centered at the resonant perlod, the width i




of the btand being determined by the ) of the resonant mechanism.
While the cutput of a narrow {iltier banduldth centered on one of
the rescrant pericds would show onlyv one pulsation wavetrain at
any glve: tire, the bandwidths selected for the analysils, whose
widths were comparable to the spacing between the rec:nant pericdcs,
would scmetimes include wavetrains associated witii one of the
adjazent resonances. A passband centered between two of the
resonant periods would frequently show supernositions of palrs

of concurrent wavetrains, one from each of the two resonances.

IXI. B. POLARIZATICMN TRACES

Plots called "polarization traces" which displayed the pol-
arization of the pulsations in the horizontal plzne were used to
identify the Individual wavetrains which constitute the filtered
waveforms. The X and Y componerts of the pulsations were process-
ed simultaneocusly with 1dentical settings of Kron-ilite variable-
bandrass filters and identical simple, low=-pass RC eircults which
provided integration in the perlod range of the filter passtand.
The lntegrated and filtered wave forms, which then displayed tire
variations of B rather than the 0B/)t originally obtained frem the
induction cclil senscrs, were recorded on 7-track f-m tape along
with a time track and calibration information trcm the originazl
tape. The waveforns for the nine selected passbands were pro-
cessed on an analog computer which produced the polarization
traces. For detailed analysis, 1t was then necessary to punch

the results on cards for proceszing on a digital computer.




A section of a polarizatlon trace 1s shown in Figure 2. (The
example is taken from the data of 2 llay 1978 which will be dis-
cussed later. This trace 1s more regular than t..ose derived from
the wider ftliter passbands usecd for the 18 April 1965 data.) The
azimuth ancle of the magnetic vector in the horizental plane 1is
computed r'rem the instantaneous values of the X and Y components
of the filtered waveferms, and the cumulative azimuth angle is
plotted in 90o steps as a functicn of time. The numbers on the
ordinate ol the plot are complete 360° rotations of the vector,
Each vertlcal step shows the time when the vector changed quad-

rants; that 1s, when it passed tkrough 900, 180°

, 270°, or 360°.
The horlizontal steps then show the times that the vector spent in
each quadrant. For a sinusoidal wavetrain, the center points of
the horizontal steps would lle on a straight line whose slope
would give the period cf the wave. When straight llnes are fitted
to the center points by the least-squares method, the RMS devia-
tions of the polints provide measures of the repularity of the
waveforms which produced the trace. Each portion of the trace
which has a minumum length of one complete 360° rotation of the
vector and ylelds an RMS deviatlon less than a predetermined valuc
is called a "polarization run". The computer provides the period
and the duration of each run which identifies one of the nany
short wavetlrains that constlitute the filtered waveforms. The
terms Qavetrain and polaritation run (or simply run) are used
synonymously hercafter, and the length of the wavetrain may be

expressed elther by the number of pulsatlion cycles or by the pum-

ber of rotations of the magnetis vector. Four polarizaticn runs




N

are indicated in ¥i,;ure 2, 3nd oni: of the fltted straight lines

is shown. The f{irst three runs nave a positive polarizatizsn whicen
produces an increase in the number cof rctatlons and indicates a
clockwise rotation of the rmagnetic vector looking downward along
the positive direction of the fleld lines. The fourth run, at the
rigit, has a negotive or counter-czlockwize sense of polarization.

In previous studies, pulsatisn periods have been derived

from sir~le-component recordings. In some caczes, average perlods
for selented time Intervals have 2een used, but this eliminates

much of the detall needed to form perilod distributicons. In other

cases, Individual wavetralins have been selected by incpecticn.
’ H

—

Comparliscns of the X, Y, and H waveforms (see later discussicn)
indicates that the K waveforms and the polarization trace, which
also comtines the X and Y components, provide a better busis for
the sclection of the 1ndlvidual wavetirains than eitiier the £ or Y
corponant ﬁaken alone. The ccmputer scaling of the trace alsc:
makes the selection an objective one.

Polaéi:ation traces for the nine select=2d passbands are shown
in FPipure 3 (nominal fllter cut-éff periods as shown;. The traces
provide legluvie dlsplays of the polarizatlon of the pulsations
over extuended Intervals of time., The strong positive or negative
trends persisting for a number of cycles in many sections of the

traces pirovide convinclag evidence for Hil wave activity as the

[&]

source of a large percentage of the pulsations throurhout the
period range.

The ccxpressed time scale of Figure 3 causes an incresasing
loss o7 cdetall In the traces as the pulsation pericds decrease.

Each trace s composed of many polarization runs. Considering




oy

2ll runs having lenpths of one ratation or more ¢f the murnetlic
vector (i 2 1.C8), the tetal numb-r of runs ranges {rom o for Dand
Al, which has an averar2 pulsation period of 41 minutes, to 920
for Zanu A} with an averare period of 0.33 minutes. For the nine
bands, the averare lencth of the runs was 2 rotations, and the
averajme total polarization (i.e., the combined time duratlons of
the runc) was 823 of the length of the polarization trace. Of the
total polarization, U4 was accounted for by runs having lensths
in the range 2.0< R < 4,0, 165 by runs with R 2 4.0, and 38 by
runs with R € 2.0. The short runs (R < 2.0) prcvide important
contributions to the streng clockwlse or counter-clockwise trends
of the rolarizaticon traces which were notecd above. Thus the short
runs {(or 2t leact a larse percentape ol them), as well as the
loncer runc, are attribvuted to U wave actlivity,

Zotlcs of the polarization were essentinlly the sare
during tii¢ 4-0 Intervael Jrem 3CC0 to C5G0 EST wws for the follow-
ing M- intervel from 0¢30 to 1232 EGT. There were no apprecicshle

differences in the averaprs length of the runs or the percentage

v

of time cccupied by the cormbined durations of the runs during the
two 1Intervals with only ore exception. For Band A3, the averarc
run len;th was 1.9 rot2tlons for the A-0O interval and 2.9 rotations

=y

for the M-L interval.

10
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The strong clockwise trend for 3ands A and A9 (perlods
shorter than 40 seconds) during the A-0 interval Is opposite to

the predominant counter-clcckwise trend observed for this perici

¢}

range at Strawberry H1ll in the early morning hours for the lezs-

disturbed M-L regime., Sarson et al, (1271) and Samson and RostoX-

er (1972) show that the sense of polarization reverses from cloci-
wise at high latitudes to counter-clockwise a2t lower latitudes
during the morning hours and that the laticude of the reverszal
decreaces wilth decreuasing pulsation period. Thelr Pc3 polariza-

L4

m
tion reversed at about 607 geomoynetic. Durin,s the A-0 intzrval

L

vrowberry HI1l, the latitude of the revercal had zhift

o
W
[o%

southword with the aurcral oval voundary to +5QO or less. It I

possibly> that the clockwice pelarization In Band A7 just priocr to
0L0D ES. 13 a slirmilar effect. The predominant trend for Bands Al
throurhh A0 (periods longer than 1 minute) 1s counter-clockwise in

the morning hours 1n agreement with many previcus reports.,

11




A peal 1o pulsation smplitude at the latitude of the pelari-
zation reversal was ncted In the papers cited above and has also
teen precicted theoretically (McClny, 1973; Hadeskl, 1974; Chen

\

and asegawa, 1974; Southwood, 1374)., However, a peak 1n the

arplitudes of the A-0 pulsations in Bands A8 and A9 at the lati-

tude or Jtrawberry (i1l 1s not to be expected. Mapla et al. (1276)

noted thot for any given level of magnetic disturbance, the ampli-
tudes in this period range at Strawberry H11ll were smaller than
the corresponding amplitudes at Collepe, Alaska, reported by

Campbell and Matsushita (1962),.

II. C. FILTERED WAVEFOEMS AND POLARIZATION RUNS

The pulsation waveforms have been examined by marking off
the times c¢f all the polarizcticn runs ldentified by the computer
on strip:hart records which included the flltered and integrated
X, ¥, and H (=(X2+Y2)i) componert waveforms along with a tire
trace, Dand A9, which prcvides 920 runs for examination, 1s used
for this discusslion.

The successlon of wavetralrs that make up the waveforms are
usually most clearly observed as short "ampllitude bursts" in the
H compon«~nrt. The occurrences of polarization runs having lengths
of 2 to k& rotations show a general agreement with the occurrence:
of the bursts, but there 1s not a one-~to-one relationship. Runs
longer that 4 rotatlions usually extend over 2 (or more) amplitude
bursts., There are also some "gops" between runs, t.e,, sectlons

of the polurization trace that do not meet the criteria for runs.

12




Thepre are ne very long gaps,. For Dand AG, no gap i1s longer than
2 nirutes, and only 4 are longer than 1 minute. Of the 429 gaps,

278 (657) have duraticns of less than 0.3 mirnutes; l.e., less tnan

ct

he average pulsation perlod for the band.

Wa

1]

n ccmgaratively isolated amplitucde bursts occur, their
durations are seldem longer than about 3 cycles. Tno amplltude
of a typlcal isolated burst first increases and then decays; the
iniciaticon of the burst i1s ncet impulsive. The occurrences of
successive amplitude bursts is quite irregular, and there 1s no
indicaticn of the "beating" which would occur 1f two clesely spaced
frequenelies were present. The independence of succecsive burcts
1s ofter lndlcated by appreciable differcnces (197 or more) be-
tween tho perlods of successive runs and by the fact that succes-
sive runs may have elther the sane or opposite senses of polari-
zatlion.

Succecslive arplitude burcis are not usually isolated frorm
each ott.er. In sore caces, the start of a new polarization run
clearly ccinclides with the bepginning of a new burst which appearc
before tne previcus burst has decayed; the new burst becomes domi-

nant after an irregularity 1

o

the waveforams which may, or may nc%,
cause a short gap between the end of one run and the start of the
next. In other cases, there 1s no clear occurrence of a new burst
at the ctart of a new run, but merely an irrepularity 1n one or
béth of the X and Y waveforms. DPolarization runs less than 2
rotaticrs in lenpth show a tendoncy to be assoclated with small

X and/or Y amplitudes,.

13




The waversrns observed In each filter passband are conslstent
with the cutput 9 be cxpocited from a low-9 resonant mechanism
excited by a varlable, broad-tandwildth source of energy. The
polarizztion runs are produced oy a series of independent exclta-
tions of the mechanisrs by "inpu: bursts™ corresponding to the
"amplitude bursts" in the [ componeht waveforms. The simplest
input bursts would be bursts of cnergy whose spectra peaked at
different frequencies in the passband to account for the varying
pericds of the runs. Corraratively large shifts in the peak of
the frequency spectrum of the source without pronounced chanrges
in input enerpy could croduce somewhat sinilar results. Sharply
peaked spectra for the lnput bursts are not required to produce
the observed output waveforms.

The interval between the initiations of successive 1nput
bursts 1s variable and avcrares about 2 pulsation cycles (i.e.,
the average length of the polarization runs). An isolated burst
produces a bulldup of enerry in the resornant mechanism which
deczys wnen the input ceases or decrecases 1n arplitude. For a
low-Q mccianism, toth the buildup and decay can occur rapldly
within cne or two ecycles of the output waveforim. Interaction be-
tween successive input bursts oceurs when the new burst 1s ini-
tiated tefore the enerry stored n the mechanism during the pre-
Vious burst has been completely dlssipated. Irrecularities 1in
the waveforms caused by the interactlons would often procuce the
short "gaps" frequently observed between successive runs. Many

of the runs would therefore be shorter than the interval between

14
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successive input bur e shert runs tend to be assoclated

with small waveform anplltodes are! are thus likely to have Leen

ne crxamination of waveforre araln lndlcates that the short

runs (R < 2.0) ars preduc:d by the care physical mechanisrn that
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2 and 1lb show the period distri-
butions ¢f the pulsation wavetrnins observed in the nine selected
filter pasctands. The pericd range 9.21 to 50 minutes has been
divided into equal Inservals on & logcarithric ccale (logarithn
increrent = 1.111), and the nunter ¢f cycles 1n the wavetrains 1in
eazch rerisl interval have beer surmmed. The nurteor of cycles in
each Interval nas bteen divided by two to provide numters compar-
abla teo the actual nurmber of runs. The resulting numbers are
piceted and labelled "welrhted occurrences of polarization runs”
in the fisures, The nurmber of runs diminishes with increasing
period as the number of pulsaticn cycles which could he ohserved
in the fixed time 1interval decreases. The plcts for 2ands AS
and AL zre repeated in Figure 1lb with an expanded ordinate scale
to provide continuity,

In igure la, the arrows numbered 1 throurh € indicate a set
of periods wnlch form a geometric progression with the value of

R, the ccrren ratio of adlacent reriods, being 1.7. The median

cresctorn te within +4%,  The B value 1s critlcal; the agrecrment

15




deterlorates rapldly when @ 15 varied vy more than

the arrowc below 3ands A3 throuph Al indicate

the medl:n periodc ¢f those distributions. The ratio of the

-

median pericds of Bands AW and A3 is 2.4, and 1t is clear that
Band A3 Is no%t a continuation of the prorression.

Bands A2 throuch Ald are thus interpreoted a5 a geometric pro-
gresslon of slx low-Q magnetospheric resonances with a fundamental
period ¢ ctout 5 minutes and an R value of 1.7.

All pelarizotion runs having R 2 1.0 (i.e., having lengths
of one conplese 360° rotation or mora of the magnetic vector)
vere used In the overlavpling perlod distributions of Figpures la

and 1b. Perlod distributlions for four categories cf run length

e

(L.20= 7 «<1.5; 1.52 R< 2.0; 2.0<€£ R”R < 3.0; ané R Z 3.0)

U

have also bdeen constructed. The shapes of the distributions for
the four run lengths are quite similar, agalin indlcating that the
short runs (R <€ 2,0) are troduced by the same physical mechanisn
as the longer runs. The periods of the short runs are less pre-
cisely difined and produce somewhat broader distributions.
Holmbers (1951) éonsidered the resconance mechanlsms as band-
pass fillters with a rardor nolce input. The characteristics of
the filter outputs (i.e., the pulsation waveforms) then yielded
an estimate of 4 or 5 for the Q's of the resonances., On the sanme
baslis, the Q's of the resonances deternine the shapes of the
period distributions. When resonance curves for RLC circults
having varlous Q values were fitted to period distributions ob-

tained for runs with R2 2.0, the curves computed for Q's of 5

had shapes simllar to those of the distributions, 1n agrecment

le




with the rocults of Holnberp, e half-pcower points of the reson-
ance curves lay within the nominal cut-off periods of the band-
pass Jillters used for tnn annlysis, and the pascbhbands of the
filters reasured at thelir half-power points were appreciably wider
than the resorance curves. As previously ncted, the resnons
curves of the fllters nad dropped only 20% below thelir peak values
at the ncminal cut-off periods shown in Fipgure 1. The perlod dis
tributiors previously established by the mapnetespheric resonances
wculd not, therefore, hnve bLeen anprecicbly altered by the band-
pass filters. The RLC circults were used for convenience in the
calculation of the effeccts of enarpy dlssipation, 2z reasured by
the 0 valu=z, on the respronse curves of simple resonant systems.
The actual maprnetcspheric rescnanze mecnanism, althoupgh physicalily
different, would shew similor effecto.

The hourly period distributfons for Rands A3 through A ar
usually, but not always, rcre sharply peaked than the overall

dis

ct

riburions of Figure la. The median perilods ¢f the hourly dis-
trituticrs are within +50 of these of Figpure la with only 2 excep-
tiens out of the 48 cases. The median periods of the different
bands do not irncrease or decrease sinultaneously, and the hourlw
values of tiie ratlios of the medlan perlods of adjacent bands can
occasionally vary appreciably.

The ono-hour intervals do not provide complete averarling of
the short-term varlations of the frequency spectrum of the enerqy
source which excite the marnetespneric resonances and produce the

varying per‘ods in ecach band. Independent excltatlons of thre

[
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different resonance bands and a lick of close coupling between
the bands account for the cboerveo varinullity of the hourly
perlod Al:cributicons.,

The rzatlos of the pericds of palrs of pulsatlion wavetrains

that were linearly superpozed in the oripinal, unfiltered record-
inss have been exanired by comparing palrs of partially concurront
wavetrains observed 1n adjacent pairs of filter passbands. A
combined distribution of these ratios has been obtained for the

four band palrs A9-A8, AB-A7, AT-20, and A6-A5. In terms of the
period inte:rvals used in Figure 1z, the probability that a run in
interval !l is partially concurrent with another run in the pericd
interval I + i 1s tabulated below. The highest provabillity occurs
for 1 = 5 corresponding to the spacing of the peaks in Figpure 1la.

1 2 3 4 5 6 7 8 9 10
F = .01 .05 .12 .18 .21 .19 .13 .07 .03 .01

i

This 1s in agreerent with the spot checxs made during the selec-
tion of fillter passbands and confirms the geometric propression
of rescnance bands. There 1s no evidence of a close relationship
between the runs 1n adjacent bands. The two runs in a pair are
only partlally concurrent, and the amount of overlap 1s quilte
varlable. Also, the two runs may have elther the same sense or
opposite censes of polarlzation,

liost of the cbserved features of the data can be attributed
to essentlally random variations of the energy source which excites
the rmarnesospheric resonances. Thls simple model does not, how-
ever, account for the strong clockwlse or counter-clockwise tronds

shown by —any sectlons cf the poliorization traces of Figpure 3.

18




It 1s agaln ermphasized that the observed distributlons are

statistical in nature. A single set, or even several sets, of

partially cencurrent low-" wavetralns would not necessarily oro-
vicde reliable estirates of the median periods of the rescnance

bands or of the ratios ¢f The redlan periods of the different

bands.

II. ¥, QOTHFR RESULTS OF THE ANALYESIS
The amplitudes of the rulciatlons peaked in the interval 210C

to 0302 EST during the helr nt of the magnetic storn when the XKp

; index reached a maxinum of §-. The raximum hourly; averape zmpli-
tudes of the H component ranged from 35 gammas for Band Al to C.?3
gammas for Band A9. The arplitude:s dropped thereafter, particu-

larly after 0€£00 EST when the sou:hern boundary of the contract-

ing auroral -oval receded northwarl from the station. Iy the hour

1100 te 2200 ST, the ampiltudes nad dropped to 3 gammas for

Band Al und 0.02 gammas for Band A9.

Strong cesmlc nolse absorptisn (6 db maxinum) was recorded
on the 20 Vilz riometer at Bedford, Mass., from 0100 to 0300 EST,
and the srnioocthed CHA curve was very simllar in shape to the en-
veleope o the pulsations having r2riods of 1 minute and less.

The peaks of the small varlations superposed on the envelope of

the CiiA curve were correlzted with the positive peaks (corre-

sponding tc northward-dirccted fil21ds) of the filtered and inte-

rrated X ccrmponent waveform of th2 pulsations in a 5.5 to 17

minute pocsoand. The increases 1a particle preclritation that
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caused Lhe lnereasss o CUA omirht also have been expected to cause
increaccs in lonospheric ccuductivity accompanied by increases in
the strengcth of the westward-{lowing electrojet, but this would

have prcducec increases in the southward-directed field in disagree-
rent with the observations. Tn2 relationship between the CJA and
the pulsations nmust therefore be attributed to a common origin in
the nmagrzstosphere.,

All cf the evidence indicates that 80% or more of the pulsa-
tions are of magnetespheric origsin throughout the measurement in-
terval. The marnetic varlations in the 0.26 to 50 minute period
range ncre directly assoclated with fluctuations of tne auroral
electircler during the A-C Interval must have been appreclzbly
smaller than the concurrent, larpe-amplitude Bl wave activivy,
since trex did not reduce the amount of elliptical polarization
below thzt observed during the followlng i-L interval when only
the weal, slowly-varying Sq currents were overhead. During the
A-O interval, the filelds of the HM waves were not negligible 1n

comparicon with the electrojet. The electrojet fleld as shown by

the I ccnponent on the magnetogram at the Veston, lMass., observa-

tory reached a maximum value of about =750 gammas or about 3 time

%]

the maximum peak-to-peak amplltude of the pulsations in Zand Al.

-~

II. F. COMNPARISON W/TTil PREVIOUS RESULTCS

~dettional observational data willl be presented prior to

the conmparison with previous results relevant to the sublect of

magnetcopheric resonances.
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TI. G. SUDBMISSION T0 THE JOUKRNAL OF GEOPHYSICAL KEZEARCH
A raper describing the initial results obtained under the

Grznt was relected by the Journal of Geophysical Research. The

.

rerarks ¢ the ref

erees indicate that any challenge to the fleld-
line-rescnrnance hypothesis was reyrarded as heresy which should be

firmly surprecsed.

| The 3rand X Referee (BXR) stated that "The technique event-

ually reverted to the use o

8]

the human eye 1n declding when the
f1l1ter width has been decreased to the polint where cnly a single
freauency is precent."

Since the overluapplnp fllter bandwidihs provided completn |
coverage of the verlod range, a single frequency rer fllter band-
width wculd be compatible with the stated results of the analysis
but would be incompatible witis the harmonic series of freauencies
predicted by the fleld-line-rescnance byrothesis. The 3Xi's mis-
statement of the analysls technigue could hardly be concidered a
devastatins eriticism, even if 1t had been true,

The renalning ccmment of the BXR concerned the RLC circuits
which were used only Iin estimatiag the Q's of the resonances and
were not used as physical models of the magnetcspheric reconance
reciinriloms.  The BXR complained that the RLC eclrcults were not
physicz. nmodels of the nmagnretespiheric resonance mechanising,

The Srand Y Referee (BTR) stated "This 1is actually what the

?

author did by his 'curulative arza' technique of countinr rota-

tions and defining 'runs'."
Lagd

The 5YAR's remark was clearly intended to refer to the polar-

ization traces, but the traces did not involve cumulatlive areas
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in any wey. This confusion on the part of the BYR concerning the

contents of the paper he was reforceing was qulte cxtensive.

The 3YR stated "I understand that the author has normalized
the distrivutions of rotaticns in ecach fillter Sand. However, he
do2s neot descrive how this was dore so I can't validate it." Arnd
later he stated "Clearly there 15 some frequerncy signal which is
attcnuated by the filtsr to tie noise level of the electronics.
This siyral will not be detected by the rotation analysis. No

amount c¢f normmalization can comnensate for this loss. I am not

convinced that the statistics wsre properly normalized, or that

(]

it 1s possible to do so."

The only nornmalizing done consisted of setting the maximunm
amplitudes cf some of the secondary plots (not shown in this re-
port) eaual to one. This sirmple procedure apparently caused the
BYR to conjure up some ecoteric normallization scheme. As intended,
the bandpass fllters attenuated the sipnals outside their pass-~
bands. There was no desire to detect or compensate for the
intentionally discarded signals.

Further comments Yy the BYX: "I alse understand the check
he has made by moving a wide band fllter across a narrow spectral
lire, observing that the outnut perlod moves across the tand in
the appropriate manner.”" And later: "At a deeper level I an
concern=d about the use of narrcw tand fllters and polarization
analvsi: to estimate the spectrum of a signal which 1s what the
author tas done."

Tr.: check that the BYR "understands" 1is unknown to the

authcr. 'he spectral lines ouserved were not narrow, even thouigh

22




they were notv as the

desifnations "wide band" and
reflerrinj- t¢c the filters.
At a deeper

level, the

period distributicns

this techaniaque hias tceen usned in
lished in the JGR and elsewhere
sternzticn.

I h2ve been assured by the
Y Referec "were selected for the
of the paper." Since rany autho
of "expertisze", it seered

fil

" .
na

EYR

in-the analysi

worthwtile to decument

23

ter bandwldths. The BYR uses the

rrow band" intercuanreably in

concernad about the use of

PN
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of

4

the pulsaticrs even thourn

rany papers that have been pub-
without evcking any preat con-
I'"éitor that the Brand Y and EBrand

b

e

» expertise on the subject
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'5 nave encountered similar uscu

i
|
)
|
i
|
]
|




TI20 Ac ADDITICUAL DATA NIALYS LD

Thres addlvional data sarpies selected from the archives of

e ~ v 2 - 1] . — -
the 4ir e Jecornyslics Laboratery's larnetometer lletworx have

~ . —~ o - ~ . o - - ~ o
been ana.ynzd to conflirn the results of the inicizl analysis. o

datia were recerded at the HMt. Clemens, Michipan, and Raptd oy,
Soutit Doaota, stotlons In the nortnhern tier of the network at a
geonacnetlc latitude of about +547, L value of abcut 3, aprroxi-

mately the sare as that of the Strawberry Hill staticn. The

rom the Induction coll sencors had been digpitized at a

rate of 307 polnts per minute.
Crie data sample was recorded near local midnight cduring a

large marnetic disturbance (Xp = 7o) so that conditlons were

similar <o those for the 18 April 1965 data. That 1Is, the station

was cutside the plasmarause and inside the southern boundary of
the expanded aurcral oval. The ctner two data sanrples were re-

corked during the early afternoon hours under conditions of mod-

e

eriate nacnetic dlsturbance when the staticn was Inside the plaswa-

pause.
Concideration was gpiven to rracticable modlficaticns of the

analysls techmlaque which nmipht mocke 1t mere difflcult for de‘or-

S

mined skentles to deprecate the results. Unfortunately, the com-

rents of the Jrand X and d3rand Y referees of the JGR provided
very little assistance in this repard., It was decided -~ reluc-
tantly -- tc avbandon the rreselection of the fllter passbands to

be used for analysis. It was the obLservations made during the

preselection process that first revealed the unecxpected peorctric




progrescion of the rescnant yertods of the pulsattons.,  Althouprn
quallvotive In nature, the ctaoervations were quite clenr ang were
subsequently korne out ty the reriod distributlienc. The JCR re-
fere2s, ncwever, simply fynered snhe sifnificance of theoze early
observaticns., flnce thew: was no nractlceacle way te present the
observations other tnan the verbal description that had already
been used, it seemcd best to dron the preselection of passbands,

In the later analysis of data, therefore, a large number of
narrow filter passbands have been uced to cover the desired perlod
ranr2. Thils apprecach required more effort and computer tirme. It
had the additional advantare, however, that it provided plots of
the amplitudes of the pulsations as a function of frequency for
cormparison withh the period distributions. The average ampllitudes
in the individual vassbands provide enough points to define a
smooth curve,

III. B. TiZ DATA CF 2 MAY 1978

Data from the [it. Clermens, llichiran, station of the /[ir Force
Georhysles Lahoratory for the tnree-nour interval CC00 to 03200
CST on 2 May 1978 have been analrzed. The Kp index for the inter-
val wa: 7c. The pericd range from 6.2 to 6 minutes has been
covered by a series of narrow, overlapping fllter passbands,
Polarizition traces for each passband were obtanined as described
in fectlion II. B. above; a sectlion of one of the traces wos uhow:n
in Fipurse 2. The periocd distritutions for six of tle overlapring
filter rassbands are shown in the upper plots of Mijure 4. The

period Intervals are the same as those previously used 1n Flgures

la and l1b. The dotted curves are the responce curves of dijyital




filters which have been nd'unten Le palntaln a constant shape on
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, "0 maintaln a cornstant 23).
The nhistorrans are constructed from the sums of the time dura-
tiors of the individual rulszticr wavetrains 1de:ntifled frem the

polariza-icn Sraces (rather thun frorm the number of rcta

ot

iorng of
the mapgrtlc vector used In the rrevious analysis).

Bec-uce the fillter passbands were not pre-selected to mini-
mize the surerposition pretlem, the initial results obtained with
wider passbands were sometirmes amblguous. Passbands covering fcur
of the period intervals used in the plots of Fipure 4 were first

kY

tried. Tne lJorartthric increment of the intervals was 1.111 so

that the ratic c¢f the maxioum and minimun periods in the four-in-
terval snpan was l.lllu or 1.523, a ratio large enourh to provide
the possiuili<y of the inclusicn ¢f many palrs of superposed wave-
trains. VWhnon the center perlod of the comparatlively wide passband
was shifte? in steps of one period interval, the resulting over-

lapping rerlod distributions were not always ccenslstent aronr

theaselv s, Passvands covering three perlod inte

'3

vals yielded
better, but still not satisfactory, results. Th2 ratlo of the
marximun ond nininum perlods in the two period intervals covered

by the passbands of Figure 4 is only 1.234, which perrits very

few occurrences of superposed wavetrains. These narrcw passtands
clearly display the peaks in the period distributions. As expect-
ed, the andbigulties which had previously been observed were most
prorounced In the regicns between the peaks where the wider pasg-
bands wculd include concurrent wavetrains from cach of the two

ad,)acent resonance bands.
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Pach distrtvuston in Flpeure 4 ohas been normalized by settinge
Tvs max!-non anplitade equil o one.  he lrportant features of

each rict are the relative amnlitudes In the twe contral pericd

T . £~ e R ¥ bt . Ig 3 3 . i8]
Intervals for which the filter attenuations are smal

—
e
s}
9!
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£
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45
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The tctal tire duration of the wavetrains observed in each pacs-

[ 4]

band war zbhout 75 the duratlion ¢f the data cam

b ]
-
[p]

the amplitudes of the dictriputions prior to ncermall
not o rreat significance in this case because the narrow pass-
bands irrose o more clnusoidal appearance on many of the wave-
tralins than they wculd otherwlse have.

Che two overlopplnge pessbands contalning cne of the peaks of

the overzll rericd distritution have been chesen feor the plots on

bl ~ o~ ! LN . 4 ~ -~ o ' S NP
the two top lines of Tipure 4, i‘ne two dlstrivutionz rewr In the
PR EIP N [ el N -~ . K "
sere p2riad Interval,  The third and fourth 1llnes of the fipure
- ¢ H P ~ 1 3 —~ - 4 Y ~ o~ 3 Pxi HE ' [ RN
extend Lo pericd rance, and In each case the period distribvuticns

corntinue to drcp off from the ceontral pealr. The ccerrosite dictri-
bution shown In the lower plot 13 based on the relative ampli-

tudes 1n the two perlod intervals of the individual passbands.

h

o

Startling fron the central reak, 1f each of the three passbands
had shown a decrecase ¢ 05, for examrle, the amplitudes in the
composite distribution would be nlotted as 1,00, 0.80, 0.€4, and

0.51.

Flure 5 presents the resul.ic of the analysls of the three-
hour interval. The averare amplltudes of the 9H/0t comronent of
the pulsations, derived from the flltered 3X/9t and 3Y/0t outputs

~

of the inductlon-coll sensors, are shown In the urper pleot. Zach
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peint on the curve corresronds te one of the bandpass fllters

r L4

used In tho analysis.  In the perlod distribution, shown in the

lower plct, each ol the four rezks was derived independently as

b

v+ o F IR 1 v
11lustroted in Figure 4.

]

ne dashed vertical lines nurbered 1

throurn 4 are egually

[4¢)

vaced cn the logarithmic period scale aﬁd
foerm a peometric rropression with a commen ratio R = 1,84, The
geometric progression prevides a good 1t to four peaks 1n both
the ampliitudes and ihe pericd distribution of the pulsations in
the 0.3 to 3 minute pericd range. Outside that range, the pulsa-
tions do not conform to the prcy-ressicn. A secondary peak in the
perliod distributicn at about 0.27 minutes can also te seen 1n the

amplitude curve. The pear In th
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minutes 1s barely discerrable in the perilod distribution

It should be noted that the slew uecrecse in the amplitu
of the pulsaticorns with increasins periocd results Srcem the use c¢f
2N/t for the prlot. A p.uot of If would show the usual increase in
arplitude with Inc¢reasinge perioed.

The technlgue used in deriving the individually normalized
peaks 1 the period distribua.ion results in discontinuities be-
tvesn the pezks. Ho detalled investipfation has been made, but
the discontinulties are due in part to occurrences of the super-
positicn of wavetralins of differant periods. The narrow {ilter
b dths restrict such occurrences to the trouphs between pairs
of peaks where wavetralins related to each of the two peaks are
equally likely to occur. Small variations in the parameters of

the analiysls (L.e., filter bondwldths and the degree of regularit

e

requlired for the selectlon of pulsation wavetrains) did not result

in si/n.f'fcunt varlations in the period distribution.
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It was to he oxpocrnoa tholh tne penalis In the period dictribu-
tlon wenld be nore prorsuncod Loan those 1n the pulsation amplle
na srmocthing effeet ¢f <he overalpping Jilter bandwidths
reduces tne sharrness of the poasgs in Lhe amplitude curve. Alsc

each of the low-. pulsation wavetralns contalns enerey spread over

a comnaratively wid

4]

frequency ranre. In the period distributlosn,

o)

[ 2]

however, all of this erergy 15 astributed to a single period necr
the center of the range, and thls sharpens any exlisting peaks 1in
the distrivuticen. The arrarernt serizcdsof pulsatlons lying near
the cut~-off perlods of the filters are shifted somewnat toward
the centers of the passbands.  For the comparatively narrow passs #

bands unod, this arain tends to sharpen the obtserved peaks in tne

distributice,

1320 to 120 CST on 15 January 179 are shouwn in FifFure 6. Thne
data arc frorm tho inductlcn coll sensors of the Rapid Cilty, Scuth
Daliota, statlon of the Alr lforce Geophyslces Laberetory, and th

<@

analysls prceecedure was the sane os that described in the previous

The data were recorded durirg a moderate disturhance (Kp = d4c)
and durfag the local afternoon hours when the station was well

inside the inner magnetosrhere, i.e., inslde the plasnmapause. The

pulsatlion amplitudes are almost & factor of 10 lower than those

in the previous data sample.

1a¢ dashed vertical lines aprain form a geometrlc prorression.

I3RS

In t5:3 case, the ccimcn ratic R 1s 1.56. Four of the terns of
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the pr'o,*r‘f..'::'.sion, labeled 1, dy u, and 7, are 1In gocd agreenent

withi “he peaks in the armplitude curve and the period distribucion.

Tre other terms in the prepression do not appear in the pulsation

data, al<aocugh there {s a slipht indication of a peak in the ampli-

1

tude curve which corresponds to term 5 of the prorression.
III. D. THZ DATA OF 19 JANUAEY 1979
The results for a seccnd three-hour afterncon interval at
the Rapid City, South Dakota, station are shown in Figure 7. The
interval was rather qulet with a Ip of 2+, but the pulsation

amplicudes for periods shorter than two minutes cre larpger than

ra
4

ctr
o3
O
%

¢r the previous data sarple. The geometric propgrecsion I
shown by the dashed vertlcal 1lines agaln has & ccmnern ratis B of
1.56. In this case, only three of the terms in the progression
arpear clearly in the pulsaticon data, and the matenh for term 1 4
not very gccd., There are alss indications of penks corresponding:
to terms 2, 3, and 6 of the progression.

Pulgavlion arplitude curves for six 15-minute intervals are
shown in Figures 8 and 9. These exanples were chosen to display
the short-tern variations whicnh occurred during the three-hour
interval. The common ratio R = 1.56 has been maintalned for the
progression, but the entire prorression has been shifted slightly
té provide the best flt for the Individual cases. There 1s a
general trend toward longer periods at later times. Change., 1in

the cormron ratio were tried but did not improve the fit for tue

Indfvidual cases.
There are clcar occurrences of peaks corresponding to each
terr of the progression in one or more of the 15-iinute intervals

with the exception of term number 5 for which there are only two
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small 1ndleations of penks.  the 1t to the proegresslcon 1s not

. ) o
'S overy gcod, but il

averared over snort tire

-~
.t

{5 to be expected for low-Q reconance

vy

Intervals, For a five minute period, for

examrple, only three pulsation c¢cy:xles could occur in fifteen min-

utes. There are also a It

which cunnot be ldentilic

W peaks in the pulsotion armplitudes

with terms in the progressicon.,  These

3

misfits are, however, Ffar outnunodercd by the peaks which do agree

with the progression. A definit2 increase in the amplitudes of

the lonper-reriod pulsati
three=hour interval,
I7I. E

TWwo other three=hiour

ns ceccurs In the latter half cf the

O7iHER DATA SANPLES

data samples have been exaninec, but 1

s Rl v - - vy ooy - -~ 2l 3 Y L P e 12 -3
both cases larie percentore varlaticons of the pulsaticn amplitud

occurrec ralnur randomiy

pattern cculd Lo dlscerned

moniic sri~e be observed.

1

In voth frequency and time, and no clez

case could any indlicaticens of a har-

Orne of tne data sarples was recordec

ay nirus daring a strong disturbance similar to that of the 2 May

1878 carprle desceribted in Sectliorn III. B, above. The other sarn.

was recorded during the afternocn under very qulet conditlons.

man-nade nolse.

sirrzl levels were very low and may have been contaminated with
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-arlzatlan of the pulsatlons. The application of the modificed

LV, AL, DIocutcion
AT Tour of the data samples presented show geometric nro-
gresslors ¢f the rescnant perfods of the pulsations. Mo inter-
pretatirn In terms of harmenic serles 1s possibple.
f the data samples wers recorded at stations located at
about +547 geomagnetic latitude, L value about 3. The fleld
lines from the statlons usually lie in the inner magnetosphere,
l.e., inside the plasmapause. Near midnight, however, when the
the Kp index reaches 7o or more, the stations are inside the
south=srn boundary of the expandesd auroral oval. Differences in

the pulsitions cobserved under those two conditions have previous-

ly besn reported (Marle et al., 1978). Differences between the

"mid-latitude" and "auroral-oval" regires of pulsatlons at these
sub-aurcral-zone stationes also appear In the data reported here.
IV, B. THi "AUFCRAL=-OVAL" REZSQUANCES

The exlstence of a geometrlc progressior. of peaks in the
data of 18 April 1965 (Fipure la) was first Inferred from quali-
tative observations of the filtered pulsation waveforms. Since
it was those early observations that supplied the incentive for
the remuinder of the work reported here, it was fortunate that

the "auroral-oval"” reglme of pulsatlons, for which the progression

15 quite clear~-cut, was chosen to initiate the study of the pol-

analysisc technique to the data of 2 ilay 1978 (Figpure 5) verified

{

the 2arllcer results. The differing values of the ceommon ratlos

ard of the lonrest resonant periods of the two progresslons
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warrant Curtnher favestipation, e cotiparabie studlien of Lhe
"auroral-cval" repize of pulzattons are available for comparison

IV, C. TBEE "FID=-LATITUDDY REJONAICES

A el

o

.

Holitere (1951, 1953) presented an extensive analysis cf th
pulsations at UDokdalenulr, Scotland, +5c.50 eomarnetic latitude.
He found two proninent, distinct peaks in the period distributions
of the pulsatlions. Cne peak was centered 2t a period of about 20
seconds, the seccnd at 70 to 80 seconds. Hclmbergs noted the simi-

larity ol his results to these whicn micht result If random noilse

were passed throuch low-=-Q filters and estimatzc the Q's to be
atout 4 o>r 5 frerm the pulsation waveforms. From a consideration
of trne chuarnacteristlics of varicuz possible physic:l mechanisrms

b

he ccneclided that hydromarnestic resonance was the ni:chanlism mest
likely to e zovable of providing the observed peric: ranje. In
the pre-setellice era, the lonccphere was assurmed to b2 the seat
of the rcsoﬁances.

Peai's at abcut 20 seccnds and 70 to 80 seconds have also

been reported in the period distributlons of the pulsatlons at

Tucson (+40.4° geonagnetic) by Maple (1959) and at Frederici:sburs
(+50° geormagnetic) by falto (1962). These two peaks are thuc the

most firmly established fcatures of the frequency spectrum of the
daytime nulsatlions at niddle latitudes. They do not, however,

lend themselves to an interpretation in terms of a harmonlc serie.

of resonant perilods. They have thus become qulite unfashlonable

in recent years and are often conveniently forrotten.

The two peaks correspending to terms 4 and 7 of the peoretric

pregresslons of Flpures 6 and 7 are the most prominent features
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of the speztra of the two afternoon data samples; they also cor-
respond to the twe penks re:srted in the earlier studies. The
Freater neriod rance cover-i In the nresent work, combined with
the improved recording and unalryels techniques that have beconme
avallable in recent yezrz, nerrits the identification of the two
peaks as terms 1n the -eomctric progression. Vith the exceptions
of numbers 4§ and 7, rcne of the terms of the progrescion appear
as really outstandings peaks In the ampllitude curves; terrs 1 and
2 do, however, apr=2cr aqulite clearly Iin the period distribution of
Figure €. The diut: for the 3-heour sample on 19 January 1979 (Fig-
ure 7) would nct, if conslidiered aleone, be recognlzed as a geometric
prorression of vears. The elements of the progsression becore
dicscernadble once such an interproetation 1s surprected., It 15 onily
when the data are separated Into 15-riinute intervols in Filpures
8 and 9, however, that the individual peaks in the progression
become clearly evident.

In vlew of the nature of the data shown in Figures 6 through
9 and tie lack of any theoretical reason to expect a georetric
prosrescion, it 1s not too surprising that such a pregression has
nct previously been reported. Careful analysis was required to
Cicclcse the peals 1In the pregression with the exceptlon of the
tvo prormlnant peaks which were previously reported, It wos only
the confildence engendered by the results of the analysls of the
18 Apr1l 1765 data (JGR refcrees notwithstanding) tnat motivated
the successful developrent of the modiflied analycis technlque
whiich preduced the later results.

Muc cf the varlabillty in the data can be cttributed to the

lew 2'a ¢cf the resonances, but 1t seemrs llkely that some of the
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variavillity 15 due to shept-ters v

ong in the spectrum of tne

)

nas been tested Tv vassing. rander nelse throupsn dicitel flliers.

source o excitation ensriy. Tue surpestion of Holmhers (135

b2

When fillzer bandwldihs ccermraravle to those of Firure la were used,
perliod distributicns sinmilor to those shown in the figure were
obtaineu. In ‘other respects, hewever, the sirmilarities to the pul-
satlions were slight or non-existent. The filltered random noise

waveforr:s had only a superficicl resemblance to those of the pul-

no occurzsences of superrosed wavetrains of differernt pericds wvere

obtserved, and none were expected. In the cose of the pulsation
ol

the occurrcncesssuperposition were essential to the hyrcthe

a natura. vand structure yproducced by mapnetospheric resonances

prior to trne analvsils. Alco for the randon nolise, the rerica dic-

tritutic s were determined solely by the fllters and always geadcd

necar the centers of the passbands as would be expected., HNo stron;s
trends ol clockwise or counter-~clockwise polarlzztlon such as
those shown in Figure 3 were found 1n the polarization traces
obtaincd {rom the random ncise. The simple hypothecsis of Holm-
bery thus requires modification, probably in the assurption of
truly random nolse as the source of excltatlion enerpy.

Fernanco and Fannangaro (19€€) found two peaks at 39 znd €0

seconds in the period distritution of the pulsations at Colcrbo
(-3° Fesmaprretic latitude)., The perlod ratlc of 1.58 sugrests

that $ho preuks are terms in a reormetric progrossiocn.,  They rirsht
alco, o course, he the second and third harriontcs of 2 harmonice

2
-

(V]

sertes witn a fundarmental pertod of about 1°0 seconds. An oo Llus
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covering o wider period range would be required to settle this

point. Mainstone (196€7) published sonograms frem Esk (-37° gco-

vt e . 0 .
magnetic latitude) and Cougar Meuntain (+547) showing three reson-

ances whace riod

3
[¢7]
| &]

had ratios of rournly 1:2:3; the lecnrest
pericd wns acout 50 seconds. The periods were not sufficlently
well derined to distin,uich Cetween a feometric prorression with
2 connmen ratio sonewhat less than 2 or a harmonic series with a
fundamnental pericd of about 50 secends. A fourth rescnance in
the D¢¥ rericd range was Inndequately observed because of instru-
rertaticn lirmltations. Thic casts coubt on the interpretation of

a azrnonic series with a 50 seccnd fundarental period. fveraged
.. . O B
cm onew Jersey (+4J.5 7 gpeomagnetic latitude) re-

ported ty ierron (1967) and Lavidscn (1964) shew a pronirent peax

3
O
=
o
[ %]
3
v
o
:1
i)
e
3

at about 29 seconds. The other peaks in the 40 to 500 second
pericd ran~¢ are less proncunced and do not anpear to support
elther a reonrvetric or harmonic progression., The averaging of the
data over all 24 hours ¢f the da and over a 3-rmonth interval nmay
have obscured seme patterns that would have apreared in shorter

time intervals.

Stuart ct al. (1971) produced rower spzetra of pulsations

recorded at three U.X obscrvator.es for 70- and 90-rinute inter-
vals. Of €0 reliable sets of spectra, about 257 were Judred tc tLe
"too corplex for interpretation”. Other spectra could be inter-
preted In terms of harmonic serics whose fundamental periods were
not observed. A consistent pattern for all threce of the rather
clcsely spoaced statlons was not observed, however, and quite cor-

plicated assumptions were necessary for the interpretatlon of the
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results. The 's Indlented by tie spectra are considerably hiphe
than would be expectod at thouse atatlons from $he results of

dolmbers (1351) and fStunrt and Usher (1366); other studles, in-

cluding the present one, cloe inilcote low O's for the pulsaticns.
The spectra are also In disurreciient with the two peaks obzerved
by ilolmber: (1951) at Fskdalemuir, ene of the stations uced by

Stuart et al. (1971).

Althourh power spectrum analysis has often been applied to
the pulsations, no other cbservations of narronic series of
rescnances at middle latitudes have bhecen reported. A rather ex-~
tersive survey of data fronm the flr Feorce Gecnhysics Laberatery's

statlens utlliced power spectrunm aralysis In an unsuccessful

searcn for evidence of harmonlc ceries (MeClay, 1278, private

Aoiiarmonic series of resonant rulsation reriods with a funda-

Ul

~
r

(el

mental reriod 100 seconds has rezeritly been observed at

acou

(@)

the ATI-C satellite in geosynchroncus corbit at about 6.5 R (Toln-

pen

hashi ard “ecPherron, 16562). The "harmonic events" are reported ,

to be a common feature of the pu.saticn data.

Mary othner satellite observatlens of pulsations have been
reportecd., The pulsations usuallyv exhiblt low-} waveforms com-
parable to those observed at the surface. The reports of isolatad
eventc do rect, thereforc, provide any reliable inferration on the
nature cf ypcssible resonance phenomena. In the foy {rstances in
wirich scrmeuhiat larger data sanmples were used, the analyses dld

not vleld any cdefinitlive results.
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Anounucual o

o - ~ ~ - LB ~ h
feprent ~ericds M orved at the AT~ ate1lite in svnchronci:s
- - 2 . a4 -
ornpit durinys a marnetic diccurtanece on 7 May 15¢7 by Barfield o1
-~ hl = - —~ - —~ -~ ~
ar. (1272). If the rezonances were indeed as charp as indicated

ty the wavetrains chewn, thnis single event would provide rood
estimatos of the true resconant nerlods, Fower spectrzl cnalysl
of a tire interval which Included some lower-" activity In addition

to the hirn-3 wavetrains ylelded periods of 182.9, 986.5, €L.0, a:

41,3 seconds which wer

¢

assirned scimple harmonic indices of 1, 2,
3, and 5. The freauency ratics of 1:1,56:0.85:4.42 would, however,
provide an equally pced it to four consecutlve terrms of a reo-

3
1

[N
O

2 v ~ = RSN N M
mevric nreirossicn. Fer

4]

«
[

caled directly fror the three nign-0
viaverrnins shown yilelded freouercy ratles of 1:1.75:2.084, which
provide o very yood fit to a recmetric progresslon with a cormon
ravio o 1.7. The devarture from oz harmonic sorlos is net lorre
but the ayparent higrh Q) of this event suprrecstc that the depariur:?
riynt b2 si—nificant.,
IV, E. STAIDING WAVE CBIERVATIONS

Th> first conclusive evidence for a marnetospneric oririn of
hydromarriecic waves was the observation of waves having pericds
of seversl rinutes which occcurred simultancously at cenlurate
points (Suriura, 19€1). A nurber of other observations of the
sirultanccus occurrcnce of lonp-period waves at conjur-ate polints
have be2n reported sinc~. Many of the observations werec at hi,h

latituaes 30 that the £leld lines from the recording stations

lay ovutcloe the plasmnaspnoere n a2t least one inctance, however,
e 3

2]

a wave with a slx-minuse periced was oticerved inclde the plasma-

i

sphere (J-u-rt and Lanzerotti, 1082).
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Jhee conJunmn tv—no‘nu observations irndlicate stondins waves

(i.e., rescnance phencrena) in the rarnetosphnere and taereforo

pese Two lrpertant difficuletos for the field-linc-reseonnce nyne-
tnesis, tirst, many of tha chzorved standing-wave nerlods are
riuch lornor than thoce calculated from present jincuwledre of

- ¢ 2 P - o Fad Cog T omn e 2
sies in the mapnetoesrchere (el., Stunrt and lonuerctel

9€2). Seccnd, the fundamental perlods of the harmonic serles

prcvide deflnite lower 1limits fcr the pericds wnlch can be account-

: eé¢ for iy tre field-line-rescnance hynocthesis., Cirnce nany of the
) J v o

.. PP, H -, 1ea o« - NP . RN,

obzeorvas stondine-wave nerleods ore much lenge: thon the Junda-
- . ) . N O P . R I I IR )

rer.tal reriods indicated Ly the zhservatlons, an additionnl

o ]

resonanze mechanisrm would e recilred te account

The lons reriods of the standing waves are not imecormpativile

Fad

chcervations of eceretric progsressicnc ol
pericic., o theory presontly exists for the peonmetric profressicons,
so rno comparison 1s pessizle. The Indlications are qulte strong,

however, thnat present theory requires ncedifications, in one way

or anciner, to fit thc observational data.

: V. CGUCLYSIOH :
r Ho final conclusions conceranins the nature of the marneto- |
spheric resonance mechanlsunic can be reached untill better aprec-

rert betweenn the varicus observetlons and between the observations

and theory 1s attcined.

At present, the cbaervatlonal svidence ot the feosynchroncus
satellitve altitude, and presumably 2t hljyh-letitude prounid stno-

tions as well, favors a hormenic series with a fundarental pericd
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of avout 100 seconds (Ynknnasn! and MePherron, 1982). However,

o~
4

oY

the result

&)
O

arfield et al. (1272) are amblgfuous, and stand-

ingp-wave observaticns indicate resonance phencmena at much longer
periods.

A

<t

nid-latitudes, the present otservational evidence favors
ceoresric progressions of resonart n2riods. The data presented
here, supported by the earlier otservations of the two strongest
peaks of the daytime period distrivutlions, constitute convinecing
evidence. The stanliinpg-wave chbecervations are compatible with the
gecretric prosressions but not with harmenic series with cormpara-
tively short fundamentzl rvoricdo,

dings and +3is techninues capable of revealing
any rescnance phonorena presont in the pulsations have nouw teen
avallzzle for several years. A sipnificant amount of effort is
requirzd, as is clear toth frorm the neture of the results to date
and fror tihe lack of a larrer aquantity of useful results. Another
essential tool 1s an oren mind as to what the anclyses may reveal.

Adcitional anclyses of observatlonal data are needed in this im-

portant fleld of research. lHcow that the work under this rrant

has been terminated, however, 1t seems unlikely that all of the
essential tools will be broupht to bear on the preoblem in the

foreseeablle future.
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Fipure Captions
FilFure la. Period Distributions of Pulsatiens in Rands Al
threouprn A2, The arrows below the plots deslinated as rescnance
numcers 1 throurh § form a gecretric progression of periods with

a comron ratio of 1.7. The C's below the plots indicate the nomi-

[

nal cut-c’f rericds of the tandrass fllters used in the analysis.
Fip.re ib. Pericd Distributicns for Bands Al through A5 with
an Cxpanded Ordinate Scale. Bands Ad and A5 and arrows 1 and 2

are repented from Figure la. The arrows below Bands Al throurh

o
L)

indlcte tne redian periods for those bands; those periods do

not form a continuatien of tie gecormetric prorression of Firure la.

(=)

Figure 2. Cectlorn of a Polarization Trace 1n the tlorlzenta
(X-Y) Plune. The curmulative azimuth angle obtalned from the fil-
terad X and Y wavefornms is plotted aprainst time., The durations

of four rclarizaticn runs are shewn.

Figuire 2. Pclarization Traces in the liorizontal Plane for
Bands Al through AJ. The strong clockulse ond counter-clockwlis
trends cccurrling during the l12-hour interval are clearly displayed;
the ceompressed time scale causes loss of detall. The nominal cut-
off perlods of the bandpass filters are shown.

Fifpure 4. Derivation of One of the Peaks of a Composite
Peri=d fistribution from the Individual Distritutions obtalned
fron liarrow, Overlappling Fllter Yassbands. Data of 2 May 197¢.

Fipure £, Composite Perilod Distributlon znd Average Ampli-

tudes of Tulcations Recorded at Mt. Clemens, illcnlgan, from 0003

to 0300 Coon 2 bay 197¢, Xp = To. Vertical dotted lines forn a

|
georetric prougression with a common ratio of 1.84. i
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cure b, Cerposite Perdod Distribution nd Average Ampli-

tudes ¢f Pulsations Kecorded at Papic Clty, South bDakota, from

15-ittnuse Intervials of the 2-iicir Data Carnle cof Firure 7

15--HMinute Intervals ¢f the J-ilcur Lata Sample of Flgure 7

Yorm a2 gecretric prorression with a cermmon ratio off 1.5¢

ST ocn 1% January 1379, fp = do, Vertical dotted

- mn ™ i -~ % \ P N
~ure 7. Ceorposite Perlod Dlstrlbutlicen ard Averare Ampli-
T Pulsntions hecorded at gonid City, Touth Dukota, from

aXaladl

1500 Co7 on 19 January 1979, Kp = 2+, Verticnl dotted

s form 2 fmecmatric pro-ression wilth a cermmon rasio of 1.56.

[ SR [ Ny - PO T I " AT R R . [a§H A S -
Ft-ura o, Avernce Srnliviunes of Pulsntions for Three of th

-

-

Firura 9, Avera~e Amnliltudes of Pulsaticns for Three of the

-
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1.2

PULSATION PERIODS (MINUTES)
Fipure 4.
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H AVERAGE AMPLITUDES

MILLIGAMMAS/SEC.

RAPID CITY, SOUTH DAKOTA !9 JANUARY 1979
1200 TO |500 CST Kp=2+

GEOMETRIC PRCGRESSION (R=1.56)
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H AVERAGE AMPLITUDES

MILLIGAMMAS /SEC.

RAPID CITY, SOUTH DAKOTA {9 JANUARY 18979
1200 TO 1S00 CST Kp=2+

GECMETRIC PROGRESSION (R=1.56)
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